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Background: Restoration of adequate tissue oxygenation is the goal of shock resuscitation. Commonly, central venous oxygen
saturation and lactate clearance are used to monitor this therapeutic endpoint in sepsis. Tissue oxygen saturation (StO

2
)

obtained by near-infrared spectroscopy (NIRS) has been introduced as an alternative.
Objective: To determine the temporal changes of tissue oxygen saturationand central venous oxygen saturation (ScvO

2
) in

severe sepsis/septic shock patients from initial resuscitation to 72 hours after treatment, and to explore the relationship
between both parameters including the association with outcomes.
Material and Method: A prospective, observational study was performed in a single center 14-bed university hospital,
Medical Intensive Care Unit. The present study enrolled severe sepsis/septic shock patients aged >18 years. Central venous
oxygen saturation and tissue oxygen saturation were measured at 0-1st hour (right after central venous catheter was placed),
1st-6th hour (the point when hemodynamic goal was achieved), 6th-9th hour, 9th-12th hour, 24th hour, 48th hour, and 72th hour
in simultaneous fashion.
Results: Thirty-five patients were enrolled and 170 paired-measurements were made. During the first 24 hours, both tissue
and central venous oxygen saturation gradually increased in the same direction. However, only fair correlation was observed
(r = 0.253, p = 0.01) and the agreement was not satisfactory. Mean StO

2
 during the first 24 hours was higher in survived

patients ((82.6+9.3 vs. 74.3+16.0, p = 0.016). When partitioned ScvO
2
 into ranges, namely ScvO

2
 <60%, 60-64%, 65-69%,

70-74%, 75-79%, 80-84% and >85%, the corresponding StO
2
 values were found randomly throughout the ScvO

2
 ranges,

without specific predilection.
Conclusion: The temporal changes of StO

2 
and ScvO

2
 during sepsis/septic shock resuscitation were demonstrated. Their

correlation and agreement were not satisfactory. No specific StO
2
 value for the reversal of tissue hypoxia was observed. More

studies are needed to explore the benefit of StO
2
 as a bedside tool for tissue perfusion monitoring.
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The pathophysiologic basis of septic shock
consists of the alteration in macro and microcirculatory
systems as well as cardiac dysfunction, resulting in
tissue hypoxia and organ failure(1,2). The concept of
rapid restoration of tissue perfusion or early goal-
directed therapy (EGDT) is proven to improve treatment
outcomes(3). Central venous oxygen saturation (ScvO

2
)

or serum lactate are recommended to identify the

resuscitation end point at which the tissue perfusion is
restored. However, various surveys revealed that
venous oxygenation was not monitored in a significant
proportion of patients. This was partly due to the lack
of skill, experience, and equipment(4,5). In addition, later
studies disclosed no relationship between central
venous oxygenation and serum lactate during septic
shock resuscitation(6). Thus, the real-time, non-invasive
monitoring of tissue oxygenation at bedside, if reliable
and obtainable, will help guide management of severe
sepsis/septic shock resuscitation(7).
           Near-infrared spectroscopy (NIRS) technology
has been used as a tool to monitor tissue oxygen
saturation (StO

2
) in various acutelyill patients. The
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technical concept involves the uses of differential
absorption properties of oxygenated and deoxygenated
hemoglobin to evaluate skeletal muscle oxygenation.
Near-infrared light (680-800 nm) easily crosses
biological tissues, which have a low absorption power,
and is absorbed only by hemoglobin, myoglobin, and
oxidized cytochrome(8). The NIRS signal is limited to
vessels with diameter below 1 mm (arterioles, capillaries
and venules). Therefore, StO

2
 is postulated to be a

reflection of the micro-vascularoxygenation(9).
The relationship of StO

2
 and ScvO

2
 in septic

shock patients is not well defined(10-12). Most studies
used a single point correlation in different phases of
disease(13,14), which might represent different
pathophysiologic process, both from diseases and
treatment. None of the studies demonstrated temporal
change of StO

2
 during resuscitation. The purposes of

this study were to determine the dynamics of StO
2 
during

septic shock resuscitation, from the beginning to 72
hours. Also we aimed to observe the relationship
between StO

2
 and ScvO

2
 in these patients, and to

explore the cutoff point at which tissue perfusion was
restored.

Material and Method
A prospective, observational study was

performed in a single center 14-bed university hospital,
medical intensive care unit. The present study protocol
was approved by the Hospital Ethics Committee. Each
patient or the patient’s relative provided written informed
consent.

Patients
Patients were eligible for inclusion if they were

older than 18 years of age, had severe sepsis or septic
shock defined according to the SCCM/ESICM/
ACCP/ATS/SIS International Sepsis Definitions
Conference(15), and were admitted to the ICU within 24
hours of the onset of severe sepsis/septic shock.
Patients were excluded if they met any of the following
criteria: 1) terminal illness, 2) pregnancy, 3) absolute
contraindication for central venous catheterization, or
4) primary diagnosis of acute coronary syndrome,
acute cardiogenic shock, acute cerebrovascular event,
or active gastrointestinal bleeding.

Tissue oxygen measurement equipment
Tissue oxygen saturation (StO

2
) was measured

by the portable In Spectra StO
2 
tissue oxygen monitor,

Model 650 (Hutchinson Technology Inc. Hutchinson,
Minnesota, USA). This equipment measured tissue

absorbance values between 680-800 nm, and used probe
spacing of 15 mm, which received StO

2
 at 14 mm of

depth. A light-scattering calibrator was used to
normalize the tissue spectrometer during startup of the
system and before each measurement. Sample
measurement signals were updated every 3.5 seconds.
The NIRS probe was placed on the patient’s thenar
eminence. After at least 1 minute of signal stabilization,
the StO2 was measured.

Study protocol
After the patients were enrolled, they

underwent treatment in accordance with the institute’s
septic shock management guidelines. Briefly, isotonic
crystalloid was rapidly given at rate 10-20 ml/kg during
the first half hour and additional bolus were given to
raise mean arterial pressure toward 65 mmHg. A central
venous catheter (CVC) was inserted after 1,000-2,000
ml fluid in order to monitor central venous pressure
(CVP) and to perform fluid challenge. Norepinephrine
was administered to increase blood pressure when
adequate intravascular volume was achieved as judged
by a CVP of 8-12 mmHg. When the target blood pressure
was reached, central venous blood was sent for ScvO

2
.

Dobutamine infusion was added in patients who had
venous oxygen saturation less than 70% and a
hematocrit of more than 30%. For venous hypoxia
patients with hematocrit less than 30% red blood cell
transfusion would be given. All patients received
appropriate empirical antibiotics, which in some cases
were later adjusted according to the culture results.

According to the protocol, StO
2
 and

ScvO
2
were simultaneously measured as soon as the

central venous catheter was inserted. The following
measurements were obtained at 1) hour 1st-6th or at
therapeutic goal achievement, 2) hour 6th-9th, 3) hour
9th-12th, 4) hour 24th, 5) hour 48th and 6) hour 72th. Each
patient had to have at least three data sets. The
information collected at enrollment included
demographic characteristics such as age, sex, co-morbid
disease, APACHE) II score, SAP II score, primary site
and type of infection. All patients were followed during
the first 72 hours.

Statistical analysis
A descriptive analysis was performed. Discrete

variables were expressed as counts (percentage) and
continuous variables as mean + standard deviation
(SD). Differences between group means were tested
by Student t-test. For non-normal distribution,
differences were tested by a non-parametric test. The
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correlation between StO
2 
and ScvO

2
 was determined

by using Pearson’s correlation test; Bland-Altman plot
was used for the agreement. Statistical significance was
defined as p<0.05 (two-tailed test). Using an α of 0.01,
power of 0.9, null correlation of 0.0 and expected
correlation of 0.3; the sample size was 159 paired-
measurements.

Ethical considerations
The present study was reviewed and

approved by the Siriraj ethics committee, using the
Declaration of Helsinki.

Results
Thirty-five patients were enrolled, resulting

in a total of 170 ScvO
2
 and StO

2
 paired measurements.

Twenty patients (57%) were male. The mean age was
61+14 years and the mean APACHEII score was 25.3+

Patients (pairs of measurement) 35 (170)
Age (years, mean + SD) 64+14
Male n (%) 20 (57)
BMI (kg/m2) 22.2+4
Underlying diseases n (%)

D M 13 (37.1)
Hypertension 14 (40)
Chronic renal failure 5 (14.3)
Cirrhosis 6 (17.1)
Coronary disease 5 (14.2)
Previous stroke 7 (20)
Immunosuppression/immunocompromised 5 (14.2)
Cancer 4 (11.4)
Dyslipidemia 11 (31.4)

Severity scores
APACHE II 25.3+8
SAP II 51.4+14.9

Primary site of infection n (%)
Urinary tract 10 (28.6)
Respiratory tract 6 (17.1)
Skin and soft tissue 5 (14.3)
Septicemia 3 (8.6)
Abdomen 2 (5.7)
Febrile neutropenia 2 (5.7)
Other 2 (5.7)
unknown 4 (11.4)

Organ failure n (%)
ARDS 20 (57.1)
Mechanical ventilation 21 (60)
Acute kidney injury 22 (61.9)
Renal replacement therapy 8 (22.9)
DIC 14 (40)

Table1. Patient characteristics

8.0. Six of these patients (17.1%) had severe sepsis and
twenty-nine (82.9%) had septic shock. The most
common source of infection was the urinary tract
(28.6%), followed by the respiratory tract (17.1%), skin
and soft tissue (14.3%), primary septicemia (8.6%), the
gastrointestinal tract (5.7%) and other sources (5.7%).
Two patients (5.7%) had febrile neutropenia and four
patients (11.4%) had sepsis from unknown sources.

Only 13 (37%) of the patients achieved the
therapeutic goal within 6 hours while 20 (71.4%) and 30
(85.7%) reached the goal within 12 hours and 24 hours
respectively. The ICU mortality rate was 22.9% and 28
days mortality was 31.4%. Clinical characteristics were
summarized in Table 1.

The temporal changes during resuscitation
of StO

2
 and ScvO

2
 during the first 72 hours are

demonstrated in Fig. 1. Both parameters changed in
the same fashion, reaching their maximum during the
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6th-9th hours. While these values were parallel, the
mean tissue oxygen saturations in each sampling
were approximately 15% higher than the venous
counterparts. When grouping patients into survivors
and non-survivors groups (Fig. 2), no significant
differences in minimal StO

2
 (83.4+7.8 vs. 67.4+16.7, p =

0.105) and maximal StO
2
 (86.7+6.9 vs. 83.9+10.3, p =

0.379) were demonstrated. However, the mean StO
2

in the survivor group was significant higher (82.6+9.3
vs. 74.3+16.0, p =  0.016).

To examine whether there was any cut off value
for StO

2
 to signify ScvO

2
 of 70%, we partitioned ScvO

2

into ranges (Fig. 3), namely ScvO
2 
<60%, 60-64%, 65-

Fig. 1 StO
2
 and ScvO

2 
values during 0-72 hours of septic

shock resuscitation.

Fig. 2 Tissue oxygen saturation in first 24 hours and ICU
outcome.

69%, 70-74%, 75-79%, 80-84% and >85%. The mean
values of tissue oxygen saturation were found
randomly throughout the ScvO

2 
ranges, without

specific predilection.
Fig. 4A demonstrates the correlation between

StO
2 
and ScvO

2
, which was statistically significant (p

0.01), with r = 0.253. The average of each pair of StO
2

and ScvO
2 
was plotted against their differences (Bland-

Altman plots) as shown in Fig. 4B. The mean StO
2
-

ScvO
2 
differences was +15.1 and the standard deviation

was 28.6. Thus, the wide limits of agreement between
two measures ranged from -13.5 to 43.7. Not all the plot
lay between these lines, indicating that the agreement
was not satisfactory.

Fig. 3 Tissue oxygen saturation (mean + SD) in each ScvO
2

range.

Fig. 4A Correlation between central venous oxygen
saturation and mixed venous oxygen saturation (r
= 0.253, p<0.001).
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Discussion
            The present study may be summarized that
during the first 72 hours of sepsis and septic shock
resuscitation, the changes of tissue oxygen saturation
(StO

2
) and venous oxygen saturation (ScvO

2
) were

in the same direction. Although both values were
statistically correlated, the agreement was poor. There
was no specific StO

2
 value that corresponded to the

ScvO
2
 of 65-75%, the range during which denotes

adequate tissue oxygenation. The patients who
survived had significantly higher mean StO

2
 after

reaching the hemodynamic goal than those who died.
Despite the fact that tissue oxygenation

monitoring had been introduced for a decade, our study
is among the first to demonstrate the dynamics of this
parameter as well as those of ScvO

2
 during sepsis/

septic shock resuscitation. Most studies in the past
mainly observed the association between single point
StO

2 
measurement and patients’outcomes(13,14). This is

not practically useful since, in real life, intensivists need
certain parameters to state the endpoint of resuscitation
after macrocirculation goal is achieved. These
parameters must reflect adequate oxygenation or the
reversal of tissue hypoxia. At present, ScvO

2
 and lactate

clearance are used(16) and both possess certain
limitations. Venous oxygen saturation needs central
vein catheterization and serum lactate requires blood
sampling and laboratory process. Tissue oxygen
monitoring is real time and non-invasive; and, if
accurate, could be an effective bedside tool for shock

management. As shown in Fig. 1, StO
2 

and ScvO
2

gradually increased in similar fashion during the first 9
hours, after which they remained stable with an average
difference of 15.1%. These findings could be explained
from the underlying basis of each study. Venous oxygen
is the left over oxygen from tissue respiration, which is
low during perfusion deficit, and may be high during
prolonged shock(6). Tissue oxygen saturation obtained
by near infrared spectroscopy detects oxyhemoglobin
in the microcirculation, which includes arterioles,
venules and capillaries of <1 mm size. Thus, certain
gradients and some correlation between StO

2
 and ScvO

2

came from the higher oxygen proportion of StO
2

in microcirculation. Poor agreement between both
parameters might be due to the changes in micro-
circulation such as vasoconstriction, vasodilatation
during sepsis and shock, which influenced StO

2

measurement, and technical artifacts. It was demon-
strated that muscle blood flow(17), skin cooling,
peripheral vasoconstriction(18), adipose tissue
thickness(19,20) had affected NIRS measurement. In
addition, altered muscle metabolism such as muscle
relaxants and low hemoglobin levels have an effect on
this value(21).

The authors found that the average value of
StO

2
 in the first 24 hours in the surviving patients was

higher than in those who died (82.6+9.3 vs. 74.3+16.0,
p = 0.016). However, the cutoff StO

2
 value was demon-

strated. As noted in Fig. 3, there was no difference in
mean StO

2
 in each ScvO

2  
range (ScvO

2 
<60%, 60-64%,

65-69%, 70-74% 75-79%, 80-84% and >85%). This
finding somewhat contrasted to others. Mesquida(11)

measured ScvO
2
 and StO

2
 simultaneously after normali-

zation of blood pressures during sepsis resuscitation.
Patients with ScvO

2 
<70% had StO

2
 significantly lower

than those with ScvO
2 
>70%. Nardi et al(23) reported a

pilot randomized control trial which aimed to investigate
the feasibility of targeting StO

2
 in addition to the

EGDT. They allocated 15 patients each group to EGDT
resuscitation with (experimental) or without (control)
StO

2
. Tissue oxygen saturation was measured over

several muscles (masseter, deltoid and pectoral or thenar
muscles), and a value of above 80% over at least two
muscles was the therapeutic goal. However, the present
study was unable to show any difference on clinical
endpoints and no clinical benefit of StO

2
 was

concluded.
From the above data, monitoring StO

2 
during

shock resuscitation may not be fully useful.
However, tissue oxygen saturation increased in the
parallel fashion with StO

2
, and reached the plateau

Fig. 4B Plots of absolute differences between StO
2
 and

ScvO
2
 against their means according to Bland-

Altman. The middle heavy solid line at the middle
represents bias (+15.1) and light lines at the top
and bottom denote 95% limits of agreement (-13.5
to 43.8).



J Med Assoc Thai Vol. 97 Suppl. 3 2014                                                                                                                   S173

simultaneously at the hours 6-9. This makes it evident
that both parameters change similarly during
resuscitation; and, as a result, the cutoff value concepts
should be the same. As noted from our study, ScvO

2
 of

70% as described in the guidelines is a safe limit to
ensure adequate oxygenation. Our postulate which
needs further verification is that tissue oxygen
saturation of approximately 82% could be used as a
cutoff value for adequate tissue oxygenation as well.

The limitation of this study includes the limited
number of the patients, which made the study
unpowered to judge the clinical efficacy. A central
venous catheter was not placed at the beginning of
treatment in many patients and so initial information
was missed. Studies are in process to determine the
diagnostic accuracy of StO

2
 as compared with serum

lactate clearance to determine the end point of
resuscitation.

In conclusion, we report here the temporal
changes of StO

2 
and ScvO

2 
during sepsis/septic shock

resuscitation. The changes of tissue oxygen saturation
and venous oxygen saturation flowed in the same
direction, with unsatisfactory correlation. No specific
StO

2
 value for the reversal of tissue hypoxia was

observed. More studies are needed to explore the
benefit of StO

2 
as a bedside tool for tissue perfusion

monitoring.
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